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side of the quartz, thus exposing again the unusual faces. Some of the 
calcite layers are still present in the specimen. 

The new mineral lavvsonite is more fully described by Kansome and 
Palache 13 than was the case in the original paper by Ransome. The 
formula is H 4 Ca Al 2 Si 2 O 10 . — Walker 14 finds that the sperrylite from 
the Sudbury district probably occurs originally included in chalco- 
pyrite. The new face -k (10.5.2) was observed. The suggestion is 
made that Os and Ir occur replacing Pt in sperrylite, and an analysis 
of the products of the Murray mine, showing the presence of these ele- 
ments, is given. (If, as this analysis would indicate, the two elements 
osmium and iridium are present in an amount equal to one quarter 
that of the platinum, it is difficult to suppose that they exist in the 
sperrylite, since Wells states specifically that he found no iridium in 
the sperrylite analyzed by him). — Adams and Harrington 15 describe a 
new alkali-hornblende chemically near an orthosilicate, and a titanifer- 
ous andradite from the nepheline-syenite from Dungannon, Hastings 
Co., Ontario. — Merrill 16 notes an occurrence of free gold in a black 
mica granite from Sonora, Mexico, apparently as an original constitu- 
ent of the rock. — Crocoite crystals from Mt. Dundas, on the west coast 
of Tasmania, measured and figured by Palache 17 present, in addition to- 
the twelve known forms the new, though doubtful, prism (10.3.0). 



GEOLOGY AND PALEONTOLOGY. 

Permian Land Vertebrata with Carapaces. — In the Nat- 
uralist for 1895 (November) I described under the name of Disso- 
rhophus a new genus of probably Ganocephalous Stegocephalia with an 
armadillo-like carapace. In the Proceedings of the American Philoso- 
ical Society for the same year and month I described a new family of 
Cotylosaurian Reptiles protected by a similar structure. These con- 
stitute the only forms of land vertebrates so constructed known from 
the paleozoic formations. The nearest approach to it previously 
known from the Permian is seen in the genus Zatrachys, where the; 

13 Zeitschr. f. Kryst., XXV, pp. 531-537, 1895. 
u Zeitschr. f. Kryst., XXV, pp. 561-564, 1895. 

15 Amer. Jour. Sci., OLI, pp. 210-218, 1896. 

16 Am. Jour. Sci., CLI, pp. 309-311, 1896. 

17 Am. Jour. Sci., CLI, pp. 389-390, 1896. 
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species Z. aplcalis has the apex of the spines dilated and sculptured on the 
superior or external surface, indicating the presence of a row of osseous 
shields covered by epidermis only, extending along the middle dorsal 
line. In the Trias, two such types have been previously known ; viz. y 
the genus Typothorax Cope, from New Mexico, and Aetosaurus Fraas 
from Wiirtemberg. 

The discovery of the Permian form in question is important from 
various points of view. The discovery confirms again a hypothesis pro- 
posed by me, several years previously (Naturalist, 1885, p. 247 r 
Transac. Araer. Philos. Soc, 1892, p. 24). It presents us with what 
had been previously wanting, forms ancestral not only to the Triassic 
Reptilia above referred to, but also ancestral to the order of the Testu- 
dinata, which according to Quenstadt and Baur appears first in the Trias. 
The discovery also brings to light an interesting case of homoplassy, 
since we have two families in no way allied to each other, the one a 
Batrachian, and the other a reptile, presenting an identical character, 
and which is so closely similar in the two, that the carapaces cannot 
be well distinguished on an external view. Internally, however, the 
characters differ widely. In the case of the Reptilian family (Otocoel- 
idse) the structure is what one finds in the Testudinata and Pseudosu- 
chia (Typothorax) ; while in the Batrachian it is constructed by an> 
expansion of characters already known in other Stegocephalia. 

For the accompanying illustrations I am indebted to the Americans 
Philosophical Society. 

Plate XXI. 

Otoccelus testudineus Cope, From above x.66. 

Plate XXII. 

Dissorhophus articulatus Cope, x.82 ; 1 above ; 2 below ; 3 anterior 
view. — E. D. Cope. 

Ameghino on the Evolution of Mammalian Teeth. 1 — The 
discoveries of M. Ameghino in Argentina have put him in a position to- 
throw a great deal of light on the evolution of the Mammalia. Several 
problems which are presented by general Mammalian dentition should 
be greatly elucidated by his material, and some of those suggested by 
the Toxodont and Edentate types are within his reach almost to the 
exclusion of other investigators. He has already made important con- 

1 See F Evolution des Dents des Mammiferes par Florentino Ameghino. From, 
the Bull. Acad, de Ciencias de Cordoba, XIV, p. 381 ; Buenos Ayres, 1896. 
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tributions to the histories of both these orders, while other problems 
remain open. 

In the paper of about 1060 pages now before us, M. Ameghino gives 
his views on the general subject. It seems that in his work Filogenia, 
published in 1884, he adopted the view of Gaudry of 1878, (previously 
barely suggested by others), that complex teeth of Mammalia are pro- 
duced by the fusion of a number of originally distinct simple teeth; a 
view which has been supported by Kukenthal and Rose on embryologic 
grounds. It had been previously believed that additional cusps are the 
product of plications of the dental crowns of simple teeth, and in 1873 
and later I had constructed on that basis a phylogenetic system of 
dentition. This, as is well-known, proceeds from the simple to the 
complex, without the element of fusion entering at any point. The 
series is, for the upper jaw; the haplodont, triconodont, tritubercular, 3 
(sectorial) quadritabercular, quinque- and sextubercular, and the 
various lophodont forms; for the lower jaw ; haplodont, triconodont, 
tritubercular, tuberculosectorial, (sectorial), quadritubercular, and the 
various lophodonts. This succession corresponds with the time order 
both in North America and Europe, and it is to be supposed that it 
must, therefore, do so in other parts of the earth, wherever the Mam- 
malia have developed a dentition beyond primitive types. 

1 have never attempted to bring into this system the Monotrematous 
Prototheria, and have maintained that they constitute a distinct 
phylum. 3 My discovery that the dentition of the Permian Cotylo- 
saurian family of the Pariotichidse consists of simple teeth arranged in 
transverse series, 4 induced me to remark 5 "that the only question that 
could arise " as to the hypothesis of dental fusion " is with regard to the 
Multituberculata." A fusion of the teeth of the Pariotichidse could 
produce molars like those of the Multituberculata ; but there is no evi- 
dence that such a fusion has ever occurred. 

Returning to the Eutherian Mammalia, we observe that Ameghino 
believes that the complex molars have preceded the simple ones in the 
order of time, and that the tritubercular molar is the result of a loss of 
a tubercle of the quadritubercular ; the quadritubercular the result of 

2 Butimeyer used the term trigonodont for triangular molars, without specifica- 
tion of the number of tubercles. This word cannot take the place of tritubercular, 
since the evolution is a question of tubercles, and not of shape. Some trituber- 
cular teeth are quadrangular (Periptychus) and vice versa. 

3 See Amer. Journal of Morphology, 1889, p. 146. 

4 Proceeds. Amer. Philos. Society, 1895, 439-444. 

5 Primary Factors of Organic Evolution, 1896, p. 334. Amer. Naturalist, 
1896, Plate Vila, p. 801. 
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reduction of a still more complex molar. Most of the evidence for this 
conclusion is derived from the fact, as he believes, that the Mammalia 
of Eocene and possibly earlier age, which are found in Argentina gener- 
ally, have quad ri tubercular molars. In accordance with this view 
Cetacea and Edentata with numerous teeth, present a primitive type of 
dentition which has survived. 

The reply which can be made to this fundamental proposition as to 
time-order, is, that M. Ameghino has probably affixed too great an age 
to his earlier beds. This is the opinion of Lydekker, and such extinct 
types as occur in those beds which occur elsewhere confirm this con- 
clusion. Thus the Patagonian, which Ameghino regards as an Eocene 
formation, containing the Pyrotherium, contains also the primitive 
monkeys Anthropops, and the cetaceous Prosqualodon, Argyrocetus 
and Diaphorocetus. Now Diaphorocetus and forms closely allied to 
Arygocetus and Prosqualodon are characteristic of the middle Miocene 
in North America and Europe. It is highly improbable that the 
quadrumanous genera discovered by Ameghino are of Eocene age, since 
nothing of the kind occurs in Eocene beds in the Northern Hemisphere, 
where more primitive and ancestral lemuroid families represent them. 
The presence of supposed Condylarthra (not yet described) however, 
gives an Eocene character, and if the forms described by Ameghino as 
Multituberculata are really such, this character would be difficult to 
deny. However, recently Ameghino has recognized that these forms do 
do not belong to that order, but are true Marsupialia, and Lydekker 
assert that they do not belong to the Patagonian formation, but to the 
overlying Santa Cruz beds. 6 But supposing that the Patagonian forma- 
tion is upper Eocene, it does not furnish the material for an elucidation 
of the dental characters of the primitive Mammalia. These are only 
partly displayed in the lower Eocene, for it is in the Postcretaceous 
(Puerco and Laramie) that the true ancestral relation of the trituber- 
cular molar is fully seen. These formations may be represented by the 
lower or dinosaurian beds which lie below the Patagonian formation in 
Argentina, but no Mammalian remains have been found there thus far 
by Ameghino. The oldest Mammal is said to be the Pyrotherium of the 
Patagonian formation, but it has an aspect more modern than Eocene. 
It is suspected by Ameghino to be a proboscidian, but it has not yet 
been shown that it is not a marsupial. 

Dr. Ameghino misinterprets North American fossils in more than 
one instance. He cites the Amblypoda in evidence of the proposition 
that the tritubercular molar is the result of a reduction of the quadri- 

6 Geographical History of Mammals, 1896, 115. Ameghino makes the same 
statement in Enum. Synopt. Mamm. Foss. Eocene de Patagonie, 1894, p. 10. 
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tubercular. His series is Uintatherium, Coryphodon, Pantolambda ; 
the last the most completely tritubercular. The time order is, however, 
the reverse, viz. : Pantolambda (Puerco), Coryphodon (Wasatch, and 
Uintatherium (Bridger) ; the first the most unmodified tritubercular. 

In accordance with his general position Dr. Ameghino believes (p. 
72) that the quadritubercular genus Procyon is of great antiquity and 
prior to tritubercular types. This, however, cannot be believed. It 
has descended from a primitive plantigrade tritubercular, canine type, 
as have their allies the bears. The same modification is seen in the 
Mustelidse in the badgers ; and all such are modern forms. He states 
(p. 26) that in Periptychus and Mioclsenus, Phenacodus and Achsen- 
odon, the teeth are quadritubercular. The first two genera have tri- 
tubercular molars with insignificant rudiments of others both before 
and behind the protocone (Periptychus) or behind only (Miocbenus), 
and they belong to the primitive Puerco period. The other two genera 
are quadritubercular, but belong to later beds, Phenacodus being Wa- 
satch, and Achsenodon, Bridger, neither of which formations has any 
genus in common with the Puerco (except Didymictis of Puerco and 
Wasatch ages). 

Dr. Ameghino believes the Typotherian suborder of the Toxodontia 
to be related to the Quadrumana. The digits resemble decidedly those 
of that suborder, but one important difference is overlooked by him. 
He has pointed out the striking alternation of the two rows of carpal 
bones in the Typotheria, in which they agree with the Toxodontia 
proper, and with the Amblypoda. Now in primitive Quadrumana 
this alternation does not exist, but the bones of the two carpal rows, 
like those of the tarsus, are directly juxtaposed, or taxeopodous. This 
characterizes the Condylarthra, which furnish the exact foot characters 
of the lemuroids, or ancestral Quadrumana. 

Finally as to Dr. Ameghinos^ views of the origin of the Cetacea, he 
again inverts the order of succession. He does this by assuming that 
the Archseoceti are not related to the Cetacea proper, and cannot be 
ancestral to them. He does not regard the presence of two rooted 
molars in the foetal Balsena as significant in this direction. The opinion 
of zoologists and paleontologists has been different from this, and I have 
confirmed the general view in my recent researches on the extinct 
Balsenidse of the Eastern United States. 7 I have shown that a decided 
sagittal crest like that of the Zeuglodontidse exists in some of the 
Miocene whalebone whales. In my estimation the simple teeth of 
many Cetacea are the result of a process of dental degeneration. 

7 Proceeds. Amer. Philos. Soc, 1895, p. 139; 1896, p 141. 
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Their increase in number has not been due to subdivision of primitive 
teeth as supposed by Kiikenthal, nor is it a survival of primitive condi- 
tions, as supposed by Ameghino, but it is probably a repetition of 
similar structures due to an extension of the dental groove and dental 
lamina, following the gradual elongation of the maxillary and pre- 
maxillary bones, proceeding contemporaneously with degeneracy of the 
teeth themselves. — E. D. Cope. 

Eozoon canadense. — In recent numbers of the Geological Maga- 
zine, Dr. Dawson cites the evidence to date for the animal nature of 
Eozoon. Briefly summarized, the facts are these: (1) The rocks of 
the Grenville series, where the fossil in question occurs most abund- 
antly, belong to a sedimentary formation. (2) They form a great cal- 
careous system comparable with the metamorphosed Paleozoic calcare- 
ous beds of organic origin in penological and chemical character. (3) 
New material showing more plainly the structure of the canal systems 
and tubes, evidences a definite plan of macroscopical structure. (4) 
Late discoveries of Archaeospherinae and other objects supposed to be 
organic in pre-Cambrian rocks in Canada and in Europe afford, to 
some extent, corroborative evidence in favor of Eozoon. (Geol. Mag. 
1895.) 

Thickness of the Coal Measures. — According to Mr. J. C. 
Branner, the total thickness of the Coal Measures (Pennsylvanian) sedi- 
ments in Arkansas is greater than that of the sediments of the same age 
in other parts of the country or of the world. He gives the following 
table of comparison : Arkansas, 23,780 feet ; Nova Scotia, 16,000 feet ; 
Utah and Nevada, 16,650 (?) feet : Indian Territory, 10,000 feet. Mr. 
Branner finds a reason for the great thickness in the drainage of the 
Continent during Carboniferous times. " The rocks of this series in 
Arkansas afford fossil evidence that this part of the Continent was prob- 
ably not much above tide level. The drainage from near the Catskill 
Mountains in New York flowed south and west. The eastern limit of 
the basin was somewhere near the Archean belt from New England to 
central Alabama. This Appalachian water shed crossed the present 
channel of the Missouri from Central Alabama to the Ouachita uplift, 
and the drainage flowed westward through what is now the Arkansas 
Valley, between the Ozark Island on the north and the Arkansas Is- 
land on the south. " (Amer. Journ. Sci., Sept., 1896.) 

Geological News. — Paleozoic. — An accumulation of fresh ma- 
terial from the Ichthyologic fauna of the Cleveland Shales, Loraine 
County, Ohio, has enabled Mr. C. K. Eastman to determine the rela- 
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tions of certain body-plates in the Dinichthyids. These are the median 
ventral plates of Titanichthys, and a postero-dorso-lateral of Dinich- 
thys. The author further states that " every plate present in the body 
armor of Coccosteus has its representative in Dinichthys, and that the 
conditions of overlap and underlap are the same in both forms. (Amer. 
Journ. Sci., July, 1896.) 

Cenozoic. — Mr. H. W. Fairbanks states that the Lower Creta- 
ceous age is represented in Santa Barbara County, California, by the 
Knoxville beds, containing the characteristic Aucella fossils. This is 
the southern point at which the genus ^ucella has been found in Cali- 
fornia. (Bull. Dept. Geol. Univ. Calif., Vol. II, 1896.) 

The skull of Orycteropus gaudryi (Ant-Bear or Aard-Vark) from 
the Lower Pliocene of Samos, described by C. W. Andrews, indicates 
an animal about one-fifth less than the living species. The close re- 
semblance between the fossil and recent forms is remarkable. Dr. 
Forsyth Major has pointed out that the former distribution of the 
genus indicates its northern origin, and that it spread into Africa along 
with the rest of the Pliocene Mammalia with which it has been found. 
(Proceeds. Zool. Soc. London, 1896.) 

In discussing the geographical distribution of the known Castoroid 
species, Mr. Merriam notes that the American Castorinae seem to 
reach their maximum development at or before the beginning of Plio- 
cene time, while the culmination of the Eurasia group appears to occur 
in the Pliocene. This apparent earlier culmination of the American 
Castorinae, together with the earlier extinction of certain forms in 
this country, seem to point to an American rather than to the Euro- 
pean origin of the family. (Bull. Dept. Geol. Univ. Calif., 1896.) 

According to Dr. Shufeldt, Harpagornis, the fossil bird recently 
found in New Zealand, represents a more or less aquiline type, that 
might easily have been the common ancestor to a number of genera of 
existing modern eagles, as, for example, Haliaetus, Aquila and Thal- 
assaetus. A natural scheme of classification would place it between the 
genera Aquila and Thalassaetus. (Trans. New Zeal. Inst. [1895], 1896.) 



